Introduction
The Kuroshio is the western boundary current of the North Pacific Subtropical Gyre. After flowing into the East China Sea (ECS) from the east of Taiwan, it flows northeastward along the continental shelf slope in the central ECS. By the combined use of hydrographic and surface current data along the PN-line shown in Fig. 1 , Ichikawa and Chaen (2000) estimated the 1981-1992 mean net volume transport of the Kuroshio in the ECS (KECS) to be 23.0 Sv (1 Sv = 10 6 m 3 s -1 ). Through the Tokara Strait between Yakushima Island and AmamiOhshima Island, the Kuroshio flows into the south of central Japan where its path varies greatly. By the combined use of the data obtained by the altimeter on TOPEX/ POSEIDON (T/P) satellite, moored current-meters and hydrographic surveys on the ASUKA-line across the Kuroshio south of the central Japan (KSCJ), Imawaki et al. (2001) estimated the 1992-1999 mean absolute volume transport in the top 1000 m layer of the Kuroshio Through Flow north of 26°N to be 42 Sv. This large difference between volume transports of the KECS and KSCJ suggests that the KSCJ should have other sources than KECS.
The large difference between the Kuroshio volume transport across the PN-line and that in the southeast of Yakushima Island was first examined by Nitani (1972) . He estimated the 1955-1964 mean geostrophic volume transport relative to the 1000 dbar level in the east or southeast of Amami-Ohshima Island to be 16 Sv northeastward. Ichikawa and Beardsley (1993) calculated the absolute volume transports of the Kuroshio in the ECS and those in the top 600 m layer southeast of Cape Toi by combined use of hydrographic and surface current data. Comparing them, Ichikawa and Beardsley (1993) suggested that about one-half of the mean interior Sverdrup transport in the same latitude band may be flowing northeastward southeast of the Ryukyu Islands. Sekine and Kutsuwada (1994) also suggested the existence of a northeastward current southeast of the Ryukyu Islands according to their two-layer numerical model. Hsueh et al. (1997) performed a numerical calculation of winddriven circulation in the westernmost part of the North Pacific with fine bottom topography, obtaining a strong surface current in the southeast of Amami-Ohshima Is-land. All of these studies strongly suggest that a northeastward current (hereafter referred to as the Ryukyu Current System, RCS) must exist southeast of the Ryukyu Islands.
Mainly due to a lack of available data, the effects of RCS on the variation mechanisms of the KSCJ have not been taken into account in the various models, such as that proposed by Kawabe (1996) . Therefore, to develop a numerical prediction model that gives higher certainty for the KSCJ, it is crucial to examine the temporal and spatial variability of RCS. To this end, we have conducted moored current-meter observations from December 1998 to October 2002 and ad-hoc ship-mounted Acoustic Doppler Current Profiler (ADCP) observations along the T/P ground Path 214 to the southeast of Amami-Ohshima Island, and analyzed the data obtained by these observations, combined with the sea surface height anomaly (SSHA) data measured by the T/P altimeter from January 1998 to August 2002. A preliminary analysis of moored current-meter and T/P SSHA data from December 1998 to November 2000 was reported by .
In the following Section 2 we describe the data utilized and the data processing methods adopted in this study. The spatial and temporal variations of sea surface absolute geostrophic current (SSAGC) estimated by combined use of the T/P altimeter data and ad-hoc shipmounted ADCP data are presented in Section 3. Section 4 presents the characteristics of velocity section drawn from subsurface current-meter data and SSAGC, and Section 5 shows the variability of volume transport of RCS to the southeast of Amami-Ohshima Island. Discussions of the undercurrent core structure and the source of RCS are given in Section 6, with our conclusion.
Observations and Data Processing
The SSAGC can be decomposed into two components, viz., the mean component independent of time between measurements, and another temporally changing (time-dependent) anomaly having periods longer than several days of interannual, annual, meso-scale eddies, and other variations. The time-dependent component of SSAGC perpendicular to the satellite ground track can be estimated from SSHA data while the mean component cannot be estimated because we do not have geoid height data of sufficient precision to estimate the mean current. On the other hand, ship-mounted ADCP measures the total sea surface velocity which contains not only the SSGAC (time-dependent component + time-independent component) but also the ageostrophic components such as tidal and wind-induced currents. In order to examine the variability of SSGAC, we first determined the spatial distribution of the time-independent component of SSAGC by combined use of SSHA and ship-mounted ADCP data. By adding this mean component to the timedependent component estimated from SSHA data, we obtained the time series of SSAGC along the T/P ground track every 10 days from January 1998 to July 2002. Figure 2 shows the locations of hydrographic stations southeast of Amami-Ohshima Island and the ground track of the T/P Path 214 along which SSHA was measured, together with the bottom topography. On March 9 in 1998, December 5 in 1998, August 22 in 1999, and November 21 in 2001, hydrographic observations (many by XBT to 800 m depth and a few by CTD to 2000 m) were conducted during more than 25 hours in the region southeast of Amami-Ohshima Island on board of the Training Vessel Keitenmaru of the Faculty of Fisheries, Kagoshima University (Table 1) . During these surveys, current speeds and directions relative to ship at three layers were measured by ship-mounted ADCP (DCG-20B, Kaijo Corp., Japan), and recorded every minute, together with the ship's heading and GPS position. The error velocity in each ADCP data point due to misalignment was corrected using the misalignment angle, which is determined by the calibration measurements with bottom track mode. The 30-minute mean absolute surface current vectors were calculated by subtracting the 30-minute mean ship's speed relative to water measured by ADCP from the ship's ground speed calculated from the difference of the ship's position during 30 minutes. The detided component, V ADCP (=SSAGC), perpendicular to the T/P ground path was estimated from the ADCP data as the best fit 3rd-order polynomial function of distance along the path, together with the best-fit tidal components having the periods of diurnal and its three higher-order harmonics.
A more detailed explanation is given in the Appendix. The rms (root-mean-square) of residues for each of the four surveys was in the range 3.2 cm s -1 -7.8 cm s -1 . The T/P altimeter data used in this study are the along-track detided SSHA obtained from the Altimeter Data Archive Home Page, the Colorado Center for Astrodynamics Research (CCAR), University of Colorado (Leben et al., 2002) . The SSHA data are the anomaly from the mean SSH of OSUMSS95. OSUMSS95 is a 1/16°s patial resolution mean sea surface produced at Ohio State University by Richard Rapp and Yuchan Yi (Yi, 1995) . The mean surface height in OSUMSS95 is based on the one-year along-track means of sea surface height from the T/P (10 day repeat), ERS-1 (35 day repeat) and GEOSAT (17 day repeat) exact repeat missions, and the first 168-day repeat cycle from the ERS-1 Geodetic Mission Phase (Yi, 1995; Leben et al., 2002) .
The SSHA values at geometrically fixed points with an interval of 0.05 degree latitude along the T/P track shown in Fig. 2 were estimated by spatial interpolation for detided SSHA data at two adjacent measurement points. The noises in the SSHA data on each flight were removed by calculating the best-fit 4th-order polynomial function of distance along the path. The SSHA values on the days of ship-mounted ADCP measurements were then estimated by temporal interpolations of the SSHA values at geometrically fixed points on the two adjacent dates of T/P flights, 10 or 20 days apart. The geostrophic current estimated from SSHA, V T/P , represents the time-dependent component of SSAGC on the days of ship-mounted ADCP measurements. The V T/P was calculated from the SSHA values as a 3rd-order polynomial function of distance along the path. The mean component (V CNST ) of SSAGC can be estimated by V ADCP -V T/P . This method is basically the same as that proposed by Uchida and Imawaki (2003) . Figure 3 shows the spatial distribution of the mean component, V CNST , of SSAGC estimated as a 3rd-order polynomial curve which is the best-fit to the values on the four curves of V ADCP -V T/P estimated by using the data from four cruises during 1998-2001. The rms of differences between V CNST values and the individual values of (V ADCP -V T/P ) based on the four survey data is 10 cm s -1 . This fairly large rms may arise from the ageostrophic component in V ADCP and the calculation error in the estimation of V ADCP and V T/P .
One-year-long moored-current-meter observations were repeated four times from December 1998 to October 2002 near the T/P ground track to the southeast of Amami-Ohshima Island. These were three mooring stations in December 1998-November 1999 and four in November 1999-October 2002 (see Fig. 2 and Table 2 ).
Moored current-meters (Aanderaa RCM8 or FSI 3DACM) supplied an hourly record of the current speed and direction, and the water temperature (some of them also recorded the pressure). The current-meter data were re-sampled every 24 hours from hourly data detided by applying the third-order Butterworth low-pass filter with a cut-off period of 50 hours.
Sea Surface Absolute Geostrophic Current
Distributions of SSAGC along the T/P track on each day of T/P measurements were calculated by summing V T/P and V CNST . The distribution of mean SSAGC along the T/P ground track Path 214 during 4.5 years from January 1998 to August 2002 is shown in Fig. 4 together with the standard deviations. The mean northeastward current is positive north of 26.8°N and greater than 10 cm s -1 in a 70 km width region with a maximum value of 13.8 cm s -1 at 27.525°N over the shelf slope at 3000 m water depth. Figure 5 shows the temporal variations of SSAGC along the T/P ground track Path 214. In Fig. 5 , variations with a period of about 100 days are dominant in the whole latitude, and a strong northeastward current with a maximum speed of more than 50 cm s -1 occupies a wide area in May and June 2001. In order to examine the variation of SSAGC with about a 100-day period, we performed a power spectral analysis of SSAGC at four representative points on the T/P ground track from January 1998 to July 2002 with the 32 data in each segment and the equivalent -V T/P ) of sea surface absolute geostrophic velocity perpendicular to ground track of T/P satellite Path 214 estimated by using the data on March 9, 1998 , December 5, 1998 , August 22, 1999 , and November 19, 2001 . Also shown is their mean (thick line) represented by the 3rd-order polynomial function of latitude on the path.
degree of freedom of 10. Estimated variance-preserving spectra at 27.5°N, 27.0°N, and 26.5°N have a peak at 107-day period while that at 27.9°N has peaks at periods of 64 days and 160 days. The 107-day period variations in the south of 27.5°N may be accompanied with the mesoscale eddies coming from the east (see figure 4 of Nakano et al. (1998) ). One possible explanation of the 64-day period variation is the aliasing effect of tidal components in the SSHA data. Figure 6 shows the stick diagrams of current vectors obtained by the shallowest current meters at each mooring station. This figure clearly indicates that the current in the 600 m depth layer around 27.9°N is fairly strong, flowing northeastward with a speed of about 50 cm s -1 . The current speeds reduce gradually to about 10 cm s -1 around 27.4°N.
Vertical Section of Current Velocity
Vertical sections of mean current during each oneyear mooring period are shown in Fig. 7 , together with the current-meter positions. The vertical profile of velocity component at each mooring station was first linearly interpolated vertically with 100 m depth interval using the mean velocities observed by current meters and the mean SSAGC derived from T/P altimeter data. The velocity between the deepest current meter and the sea bed at each mooring station is assumed to be the value observed by that current meter. The vertical sections were then drawn by linear horizontal interpolation. Figure 7 indicates that the velocity sections have a common feature, namely the maximum velocity at the mid-depth in the northern part, while the velocity section has large interannual variability.
The vertical section of mean velocity from December 1998 to July 2002 is shown in Fig. 8 . Here, we estimated the velocity component perpendicular to the T/P track every 10 days at each of grid points with 100 m depth interval in the vertical and 0.05 degree interval in latitude (about 6 km) between 27.45°N and 27.90°N, which is the common area covered by moored current meter observations. The vertical profile of the velocity component at the mooring stations was first estimated by linear vertical interpolation using SSAGC and current meter data in which short-period variation components are removed by a low-pass filter with 30-day period half power gain. The velocity at each grid point was then estimated by linear horizontal interpolation using SSAGC at 0.05 degree interval in latitude and vertical profiles at the mooring stations. Figure 8 well demonstrates the existence of an undercurrent core structure (core current) around the 600 m depth layer over the shelf slope north of 27.6°N. In order to examine whether the core current is a real feature or an artifact derived by linear interpolation of current meter velocity data with coarse vertical resolution, absolute geostrophic velocity sections estimated from hydrographic data with reference to the SSAGC were compared with velocity sections derived from moored current-meter data and SSAGC. As an example, those on August 23, 1999 are shown in Fig. 9 together with the temperature section. From this figure, we meter velocity is that the current-meter velocity section is drawn from low-pass filtered data while the geostrophic velocity section is not. In order to examine the relation between undercurrent core structure and mesoscale eddies having a dominant period of about 100 days, we conducted the spectral analysis of velocity component at 700 m depth of 27.9°N from December 1998 to July 2002 with the 32 data in each segment and the equivalent degrees of freedom of 8. While its variance-preserving power spectral density is dominant at periods between 80 and 160 days, its coherence with SSAGC at the same latitude is not significant at any period between 45 to 320 days, which indicates that the core current is not related to SSAGC while it has a dominant component of nearly the same period as SSAGC, having 64-and 160-day periodic variations accompanying the offshore eddies (the dominant period of 64 days may arise from the aliasing effect of tidal components in the SSHA data.).
In order to understand the variability of current structure southeast of Amami-Ohshima Island, the current is decomposed into two components: the core-current-related (CCR) component, and the surface-current-related (SCR) component. Figure 8 suggests that the core current does not occur to the south of 27.5°N. Therefore, in order to obtain the SCR component, we first calculated the normalized vertical profile V(z) defined by (1) using the interpolated current data at sea surface (V 0 ) and 1500 m depth (V 1500 ) at 27.45°N on every ten days from December 1997 to July 2002.
Here, v(z) is the velocity component at the depth of z m. It should be mentioned that the v 1500 is used in (1) in order to eliminate the influence of the barotropic component in the estimation of the normalized profile. The reference depth of 1500 m was selected because it is the greatest common depth of interpolated velocity data in the region and it may not be greatly affected by the core current. Figure 10 shows 77 normalized profiles calculated for the days when the difference |v 0 -v 1500 | is larger than 10 cm s -1 . This figure indicates that the mean normalized profile is represented by a monotonically decreasing function of depth while individual profiles have a maximum or minimum around 600 m depth. This suggests that while the current profile at 27.45°N is affected by core current on several days, its influence can be effectively eliminated by temporal averaging. As there is a possibility that the nearly linear mean profile in the upper 600 m is caused by the linear interpolation, the mean normalized profile of current velocity has been examined further. Green and blue lines in Fig. 10 V Hakuho-Maru of Ocean Research Institute, University of Tokyo. This figure confirms that, except in the very thin (less than 61 m thick) surface layer with velocity maximum of about 5 cm s -1 , the mean normalized vertical profile well represents the normalized geostrophic velocity profiles. This also indicates that the linear interpolation in the top 600 m layer well reproduces the actual velocity profile (it should be mentioned that the core current occupied a very narrow region near the shelf in September 2002, and the vertical profile at 27.77°N was not greatly affected by the core current).
We assume that the vertical profile of SRC component velocity in the southeast of Amami-Ohshima Island is calculated using the mean normalized vertical profile, V z ( ), with interpolated individual velocities at the sea surface and 1500 m depth, as follows:
Using (2), we estimated the vertical profile of the SCR component, and then that of the CCR component by subtracting the SCR component. Figure 11 shows the vertical sections in the top 1500 m layer of SCR and CCR components of mean velocity shown in Fig. 8 . This figure clearly shows that the CCR component is dominant at the mid-depth in the mooring observation region. It should be mentioned that the small negative value in CCR section suggests a small overestimate of SCR at 27.9°N due to our assumption of vertically uniform velocity between the deepest current meter and the sea bed.
Volume Transport

Volume transport between 27.45 and 27.90°N
From Fig. 11 the mean values of volume transports of SCR component (SVT) and CCR component (CVT) in the top 1500 m from December 1998 to July 2002 are estimated to be 4.6 and 4.0 Sv, respectively; they are nearly equal to each other.
The variations of SVT and CVT, and total volume transport (TVT = SVT + CVT) are shown in Fig. 12 , where it can be seen that the variations with about 100-day period due to mesoscale eddies are dominant. Therefore, the longer period variation component of SVT, CVT, and TVT estimated by a low-pass filter with 270-days period half power gain and the annual and interannual variations of TVT are also shown. The standard deviations of SVT, CVT and TVT are 5.0, 2.1, and 5.6 Sv, respectively. In order to examine the variation of transports with about a 100-day period, we performed a power spectral analysis with the 32 data in each segment and the equivalent de- gree of freedom of 8. In the variance-preserving power spectrum of time series in Fig. 12 , SVT is dominant at periods between 64 and 160 days with maximum at a period of 64 days, CVT at periods of 64 days and 160 days, and TVT at periods of 107 days and 160 days. There is a possibility that the dominant peak of the 64-day period in SVT can be attributed to the aliasing effect of tidal component in the SSHA data. The dominant peak of 64-day period in CVT is attributed to the overestimate of SVT because the TVT does not but the SVT and CVT do have a spectral peak at a period of 64 days. The variation range of the longer period component of CVT is very small compared with SVT and TVT. While SVT, CVT, and TVT are almost always positive (northeastward), it is obvious that the variation of TVT between 27.45°N and 27.90°N is much more dominated by SVT than CVT. The interannual signal of TVT has two maxima in April of 1999 and 2001, and one minimum in March 2000 with a variation range of 5 Sv, suggesting the existence of a quasi-biennial oscillation in TVT corresponding to the variation of SVT or SSAGC. The annual signal of TVT has a maximum in summer (July 1999 , August 2000 , September 2001 ) and a minimum in the late winter (February 1999 , March 2000 , March 2001 , February 2002 . It should be emphasized that the variation ranges of interannual and annual signals are nearly equal.
Northeastward volume transport in the southeast of Amami-Ohshima Island
The temporal mean from December 1998 to July 2002 of the volume transport in the top 1500 m between 27.45°N and 27.90°N is estimated to be 8.6 Sv. However, it is obvious from Fig. 4 that the latitude range of moored current meter observation sites does not cover the whole northeastward sea surface current region southeast of Amami-Ohshima Island. We need to pursue an additional method for estimating the volume transport in the whole northeastward current region. Figure 13 shows the SVT and CVT per unit width in the top 1500 m layer at 27.475°N (mean volume transports between 27.45°N and 27.50°N) on every 10 days from December 1998 to July 2002 as a function of SSAGC calculated from T/P altimeter data at that latitude. The SVT has a significant linear relation with SSAGC, by definition. It should be noted that the deviations of SVT from the regression line and the scattering of CVT from its mean originate from the fluctuation of velocity at 1500 m depth. Assuming that the dependency of SVT on SSAGC south of 27.45°N is same as that at 27.475°N, we can estimate the SVT south of 27.45°N only from the SSAGC at that latitude. gion where TVT per unit width is positive (northeastward). In this estimation, we assumed that the contribution of CVT to TVT vanishes south of 27.45°N. There was no day when a positive TVT region could not be fixed to the south of 27.90°N. The southern end of the integral area can always be fixed in the north of 25.8°N, except for one day in mid- May, 2001 . In this case, the integral was made to 25.8°N. The standard deviation of northeastward TVT is calculated to be 11.4 Sv, about twice as large as the TVT between 27.45°N and 27.90°N. Similar to TVT from 27.45°N to 27.90°N, the variation ranges of interannual and annual signals are nearly equal. The variance-preserving power spectrum of northeastward TVT is dominant at periods between 80 and 107 days. Comparing the variations of northeastward TVT in Fig. 15(a) and TVT from 27.45°N to 27.90°N in Fig. 12(c) , it can be seen that the large negative values in TVT from 27.45°N to 27.90°N vanish in the northeastward TVT. This shows that the negative TVT to the north of 27.45°N is attributed to the southwestward current accompanied by a nearshore cyclonic eddy, the contribution of which to TVT is canceled in the estimation of northeastward TVT. The other possible reason is that only the very small positive TVT to the north of a negative TVT region is included in the estimation of northeastward TVT. The abnormally large TVT from May to June 2001 in Fig. 15(a) , which does not exist in Fig. 12(c) , can be attributed to the strong northeastward current in the wide area between 26.0°N and 27.8°N (see Fig. 5 ). If we assume that the CVT vanishes and TVT consists of only SVT in the south of 27.45°N, the mean TVT integrated from 27.90°N has a maximum of 15.8 Sv at 26.70°N with integrated SVT of 11.8 Sv between 26.70°N and 27.9°N. It should be noticed in Fig. 14 that the mean CVT has not vanished at 27.45°N and 27.90°N because the region of moored current-meter observation does not cover the entire core current region. Moreover, the means of SVT and TVT do not vanish at 27.90°N. If we assume that the mean TVT decreases linearly toward the north from 27.90°N and vanishes at 28.10°N (where the water depth is 500 m) and that mean CVT decreases linearly toward the south from 27.45°N and vanishes at 27.35°N, then mean TVT from 26.70°N to 28.10°N is estimated to be 18 Sv. If we make the different assumption that the mean TVT is constant between 27.90°N and 28.10°N having the value at 27.90°N, then mean TVT from 26.70°N to 28.10°N is estimated to be 20 Sv.
The temporal variation of northeastward TVT in the top 1500 m layer integrated southward from 27.90°N is shown in Fig. 15 , together with its longer period components. Its integral range which changes with respect to time, covers from 27.90°N to the southern end of the re-
Discussion and Conclusions
By combined use of the satellite altimeter and shipmounted ADCP data, we have obtained the distribution of 4. 5-year (1998-2002) mean sea surface absolute geostrophic current velocity and its variation along the ground Path 214 of T/P satellite in the northern RCS region southeast of Amami-Ohshima Island. We found that the mean surface current flows northeastward to the north of 26.8°N with a maximum speed of 14 cm s -1 over the shelf slope at 3000 m depth while it flows southwestward in its offshore region. This current structure is consistent with the mean sea surface current distribution derived by Lie et al. (1998) from trajectories of many satellite-tracked sea-surface drifting buoys.
In the mean velocity section based on the velocity measured by moored current meters together with the abovementioned satellite-derived sea surface absolute geostrophic velocity, we found that there is a velocity core maximum of 23 cm s -1 at 600 m depth over the shelf slope at 1600 m water depth. Its mean volume transport between 27.45°N and 27.90°N is estimated to be 4 Sv with a standard deviation of 2 Sv.
The existence of such a core current has also been reported by Lee et al. (1996) for the Antilles Current off Abaco in the North Atlantic. They showed from the results of moored current meter observations and a numerical model calculation that the mean Antilles Current flows in the upper 800 m layer with a strong mean northward jet centered at about 400 m depth and a maximum core velocity of 25 cm s -1 . They concluded that the persistence from year to year of the mean structure and magnitude of the subsurface jet of warm northward flow substantiates the occurrence of the Antilles Current within the thermocline against the Bahamas boundary at 26.5°N with a mean northward flow of about 5 Sv. The fact that the features of the core current southeast of AmamiOhshima Island and the Antilles Current east of Abaco are coincident with each other suggests that there may be some common driving mechanism. However, no theoretical model explaining these core current (subsurface jet) has been established yet.
Using an empirical relation between sea surface current and volume transport per unit width in the offshore of the core current region, we estimated the 4-year mean northeastward volume transport of the RCS in the southeast of Amami-Ohshima Island to be 18 Sv (16 Sv in fixed region between 27.9°N and 26.7°N) in the top 1500 m layer. This value is nearly equal to the difference between the volume transports of KECS (23 Sv) and KSCJ (42 Sv). We can therefore conclude that the northern RCS flowing northeastward in the southeast of AmamiOhshima Island supplies about one-half of the volume transport of KSCJ, as suggested first by Nitani (1972) and more recently by Ichikawa and Beardsley (1993) . Lee et al. (2001) compared their observational results on the northward volume transport of the Kuroshio in the east of Taiwan with the Sverdrup transport at the same latitude, concluding that there should be a northeastward current (RCS) along the southeastern slope of Ryukyu Islands having volume transport of 12 Sv. Kawabe (2001) calculated the volume transport of the subtropical gyre by integrating variations carried by windforced Rossby waves, finding a value of 57 Sv, divided by the Ryukyu Islands (Ryukyu Ridge) into 25.5 Sv of the KECS and 31.5 Sv of a subsurface current east of this ridge (RCS). These conclusions suggest that the RCS observed to the southeast of Amami-Ohshima Island should be a continuation of the Kuroshio Branch Current east of Taiwan. However, Zhu et al. (2003) The distribution of 5-year mean stream function from 1996 to 2001 estimated from the result of a data assimilating numerical model calculation by Kamachi et al. (2004) is shown in Fig. 16 , in which the southwestern edge of the Kuroshio recirculation gyre reaches to the south of Okinawa Island, suggesting that the main part of RCS does not originate from the Kuroshio Branch Current east of Taiwan but the westward Kuroshio recirculation flow. In order to confirm this idea, we need to examine the distribution of geochemical tracers in the RCS, KSCJ and the Kuroshio Extension regions. It should be noted that the southwestward surface current in the south of 26.8°N estimated in this study is consistent with the southwestward volume transport in the same region in Fig. 16 . This study has not examined the volume transport of northeastward through-flow to the southeast of AmamiOhshima Island but we have examined the volume transport integrated from 27.9°N to the southern end of the region where the volume transport per unit width is northeastward, since we consider that only the northeastward flow affects the KSCJ. As this northeastward TVT is affected largely by the mesoscale eddies, we have examined the longer-period components of TVT estimated by using a low-pass filter with 240-day period half power gain.
Finally, it should be mentioned that the mean northeastward TVT should have a larger estimation error than the mean TVT from 27.45°N to 27.90°N based on the moored current meter data. In order to predict the variation of KSCJ with greater certainty, further observations are needed to better understand the variation mechanism of RCS which supplies about one-half of the volume transport of KSCJ. The method for calculating the detided current velocity component, V ADCP , from ship-mounted ADCP data is as follows.
Velocity measured by ship-mounted ADCP can be represented in general by where u is the velocity component perpendicular to the reference line (e.g., Path 214 of T/P satellite), x s the ship's position along the reference line, x the distance along the reference line, and t the time. F(x, t) is the detided component, and A i (x), σ i , and ϕ i (x) the amplitude, angular frequency and initial phase of i-th tidal constituents, respectively. In this study, the duration of ship-mounted ADCP measurement data is 26 hours. The measurements were conducted in the area between 25.8°N and 28.0°N latitude and 129.8°E and 131.2°E longitude, where the water depth ranges from 1000 m to 5500 m. As the study area is very narrow, by the first-order approximation, we assume that the tidal current is uniform in this area and the temporal change of the detided component is negligibly small during 26 hours. In this case, (A1) can be represented by If we calculate simultaneously the F(x), A i , and ϕ i , there is a possibility that F(x) is affected by a tidal component. Therefore, we first calculated only F(x) by the least-square method, adopting the function of F(x) as the third-order polynomial function. We then examined the tidal components estimated by least-square method for time series of residuals of raw data from F(x) estimated above. As it is not necessary in this study to estimate the tidal constituents precisely, tidal components are estimated for diurnal (25 hours) period and three periods of its 3 higher-order harmonics, i.e., In Fig. A1 , F(x) and tidal component calculated from ADCP data on December 4-6, 1998 are shown as an ex- ample. The error of the tidal component decreases from 17 cm s -1 to 7.8 cm s -1 of F(x). Amplitudes of the diurnal and semi-diurnal tidal current are 15.2 and 11.2 cm s -1 , respectively, which are much larger than the third harmonics of 4.9 cm s -1 and the fourth harmonics of 3.7 cm s -1
. These values suggest that removal of the tidal component by (A2) works well. However, it should be mentioned that V ADCP (=F(x)) estimated from (A2) should have large estimation error caused by the approximations adopted in introducing (A2) and the above calculation method. It is mainly for this reason that final V CNST is estimated by averaging the V ADCP on four observation dates.
